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X-ray f luorencence Hpoctromotry (XKFS) by Viking twin determii.««d many of 
the major elomontn componlng tho surface materials on Miirs, but does tuit directly 
specify the mineralogy of the Miirtian surface, although it cmiy allow mineralogy 
to be inferred. Many minerals have characteristic spectral features in the ir 
(3 to 30 pm). Analyses of Mariner 9 ir transmission spectra of dust in the 
great 1971 Martian dust storm are Inforimitive about mineralogy. Here we compare 
mineralogy inferred from the Viking XKFS with mineralogy indicated by spectral 
data. The comparison is done by taking laboratory spectra of Viking analog min- 
erals. We find XKFS and ir data are consistent with clays as the dominant SiO^* 
containing minerals on Mars. The X-rry fluorescence data might also be consis- 
tent with the dominance of certain nuific SiO^ IgneoMs minerals, but the spectral 
data are probably inconsistent with such materials. Sulfates, inferred by XKFS, 
are consistent with the spectral data; indeed Inferences following Mariner 9 
that high-Si02 minerals were Important on Mars may have been biased by the 
presence of sulfates. Calcium carbonate, in tlie quantities indirectly suggesti*d 
by XKFS (v 7%), are inconsistent with the spectral data, but smaller quantities 
of CaCO^ are consistent, as are huge quantities of other carbonantes. 
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TIu* Viklii>^ X-ray I luoroHcmci* (XKKS) toam iilnvlly nuMHiiriHl tiu* oU*nuMUal 
Ci^npoHlt Ion at twi> hUoh on tho ^Ulrt ian Hnrtaoo. Tablo 1 proHontn tho olonuMital 
compoHit ion, oxproHHod aa oxidoH* tor tliroo aaniploH at Clio Viking I laiulor nico 
(SI, S2, S.t), for one saroplo (Ul) at tho Viking 2 laiulor alto (Toulmtn ot al, , 

1^77; Baird ot al, , 1^77) and for twi* Mirt ian analoga b04l - (Baird ot a I , , 

1^77; Toiilmln ot al. , 1^77) and B2 - (Baird privato oomnuin ioat ion) . Tablo I 
ahowH that tho olomontal oonipoai t iona of all tho aamploa at both landing aitoa 
aro almilar aa aro tho olomontal oonipoai t iona of tho two torroatrial analoga 
bOal and B2. Ono of tho groat advantagoa of XRFS moaaiiromonta ia thoir aonai- 
tivity to minor oUmiontal oompoiuMita aiioh aa Ti, K, Cl, Mg, I’a, llowovor, aa can 
bo aoon by oomparing tho minora logy of iinalog B2 and (>041 in Tablo I it ia not 
oaay to dorivo iiaoiul minora logical intormation from tho XRFS data. Thoroforo, 
it ia noooaaary to aupplinnont XRFS data with othor ploooa ol information. 

i)no valuablo, minoralogioal ly aonsitivo, information aouroo ia tho infrarod 
nioaaiiriMiuMit a mado during a Martian dnat atorra irom Marinor 9 by tho Infrarod 
Intor f oromot r io Spootroaoopy (IRIS) i*xporimont. I’hoao apootra indioato atrong 
diiat abaorpt ion noar 10 pm and 20 pm. Following tho Marinor ^ ilighta aovora^ 
invoat igatora atiuliod tho IRIS dual apootra and oi>no hulod that tho Martian 
aurfaoo matoriala ooiild bo an ignooua rook with an SiO,, oontont of (>0 > 10"^, or 
a olay, but tho aurfaoo oould not oontain subatantial amounta (<< 10',.) of 
oaloiiim oarbonato (ILinol ot al. , 1^72, Hunt ot al . , 1^*71, Toon ot al. , 1977). 

By oontraat tho XRFS rosulta (Tablo I, and Toulmin ot al. , 1977) suggoat aubatantial 
i(uantitioa c»f oarboiuitoa aro proaont , that tho aoil la oompoaod largoly of olay 
minorala or porhapa a low Sit), ignooua matorial. and that aulfatoa aro aignifioanl 


minora la. 


In ordi»r to roBolvo Homo of thoHo oontradlct ionM wo obtainod Infrarod 
Hpoctra of tlio Viking B2 and 6041 analogH and of oaoIi of tholr minoraloglc 
connt ItuontM. Wo unod a Porkln Klmor 621 apoctromotor and Hunpondod tho analoga 
and minoralH an duat in Cal pollota. Spoctra aro aliown for tho analoga and for 
orbit 8 of tho Mirlnor 9 apaoooraft Ir Flguro 1. Flguro 2 llluatratoa apoctra 
of tlio mlnorala coropoalng tho K2 analog. 

It la cloar from Flguro I that nolthor 6041 nor B2 la an accoptallo analog 
for tho orbit 8 omlaalon apoctrum. Thi* B2 analog haa two atrong banda noar 1300 
cm ^ thit aro not found in tho orbit 8 apoctrum. Tho 6041 analog haa only woak 
banda noar 1300 cm ^ but tho alutpo of tho 1000 cm ^ band dooa not nuitch woll 
with tho obaorvat Iona. 

An oxplanatlon for thoao probloroa can bo aoon In Figure 2. Calclto haa a 
atrong band at 1300 cm~^. Tho largo quantity of calclto (CaCO^) In B2 dooa not 
accord with tho obaorvat Iona. Tlio aocond foaturo In B2 noar 1300 cm * la duo 
to H^O which la partly In tlio MgSO^ and partly In tho claya - nontronlto and 
bontonlto. Water In claya and aulfatoa la oxpoctod to bo aoaaonably varying on 
Mira ao tho diacropancy la not aorloua. Tho 6041 analog haa two dlf f icult loa« 
Nontronlto dooa not havo Ita 1000 cm ^ band woll located to agree with tho data 
ao tho larger quantity of nontronlto In 6041 than H2 yiolda a worao fit for 
6041 noar 1000 cm In addition 6041 haa loan MgSO^ than B-2. Fig. 2 ahows 
MgSO^ haa a atrong band at tho edge of tho 1000 cm ^ aillcato band, which tonda 
to broaden tho 1000 cm~^ band. Thia can alao bo aoon by comparing B2 and B2 
minua MgSO^ in Flguro I with tho orbit 8 data. 

Theao roaulta Imply tliat clay mlnorala auch aa thoao In tho B2 analog aro 
conaiatont with tho IRIS obaorvat Iona, but MgSO^ (or poaalbly other aulfatoa) 
aro noodod to yield a good fit wltli tho high froquoncy aide of tho 1000 cm 
band. Tho high calcium carbonate content in tho B2 mixture la not conaiatont 
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with obMorvat ioiiH. Pi*rlui|>M othor carbonatoH would bo oonHlHt**nt an would loHNor 
quaiUitloH of calolto. Addln>( tioiitronlto to a mixturo HoomH to nuiko tho fit to 
tho data worao. 

Tho SO^ in tho Mirt iaii Hurfaoo in probably roaponaiblo for tho inoorroot 
concluHiouH following M.irinor 9 that tho diiat wan highly hUIcoouh ainoo 
tonda to broadon tho 1000 cm ^ band to hi>^h froquonoioa aa do highly ailioooua 
minorala. Tho XRFS data might bo oonaiatoiit with othor aiialoga oontaining vory 
littlo SiO^. It aooma unlikoly that thoao would bo conaiatont with tho IKIS 
data, aa, for oxamplo, nontronito dooa not aoom a good fit and U haa a low 
froquoncy 1000 cm ^ band aa do baaio ailicatoa. Howovor, tho MgSO, oomplioatoa 
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tho problom and ttuikoa qiialitativo oomp«ir iaona auapoot. 

Tlio roaulta proaontod horo oan bo furtlior quant if iod by luimorioal caloula- 
t iona of oroiaaion apoctra uaing tlio optical oonatanta of tho minorala (o.g. Toon 
ot al, , H77). Such work ia ourrontly uiulorway. Wo antioipato that thla work 
will quantify tho CaCOj uppor bounda, hot tor oonaldor tho aignifloanco of MgSO^ 
and put limita on magnotito, otlior poaaiblo auliat oa and oarbonatoa. 

Publ loat ii>na : 

rho work cltod will bo aiibinittod for publ loat ion in tlio opon litoratiiro. 

Tho work haa boon roportod .la: 

M4irtian Siirfaco C'ompoait ion: Compariaon ot Komoto Spoctral Studioa and In- 

Situ X-Ray Kluoroaoonco Anaiysia, 0. B. Toon, B. N, Kharo, J. B* Pollack, 

C. Sagan, Ninth Tlanotary ia»ology. Principal Invoatigator Sympoaium, Tucaon, 
Arizona, 1978. 

An abatract of tho wi>rk haa also boi»n submitted for a poator talk at 
tho October 1*^78 Division of Planetary Sciences Meeting in boa Angeles, Oalif. 
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Figure Captions 

Figure 1 ; An emission spectrum taken during orbit 8 of the Mariner 9 Space- 
craft is compared with transmission spectra of B2, 6041 and B2 minus 
MgSO^ analogs. 


Figure 2 ; A transmission spectrum of the B2 analog is compared with spectra of 
the minerals composing the analog. 
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